Residue of methanolic extract of Egyptian Jatropha curcas contains bioactive substances such as phenolic compounds, which succeeded to be used as natural antioxidants for the protection of oils and their corresponding biodiesel against oxidative deterioration. In the present work, the residue of Jatropha roots were extracted with methanol and resulting residues, were investigated regarding their content of total phenolic compounds by folin-Cioalteau assay. Further, the antioxidant activities of the extracts were characterized by the 2,2-diphenyl-1-picrylhydrazyl radical method and proved remarkable results. Oxidation stability of Jatropha oil, used fried oil and olive oil and their corresponding biodiesel obtained by conventional transesterification were tested using thermal oxidation. Natural antioxidants such as (α-trocopherol), synthetic antioxidants as butylated hydroxytoluene and natural Jatropha root extract were used in the present study in comparison to investigate their addition effect on the oxidative stability of oils and their corresponding biodiesel. In the rapied thermal treatment test, results showed that addition of butylated hydroxytoluene 0.25 % was able to stabilize Jatropha oil 6 h, but poorly stabiliz biodiesel. Addition of 0.25 % α-trocopherol to Jatropha oil showed less oxidation stability after 2 h thermal treatment. Crude root extract addition at 0.25% to Jatropha oil showed good stability up to 4 h thermal treatment while addition of root extract at 0.25 % to biodiesel showed better stability up to 6 h thermal treatment. Besides addition of 220 ppm crude root extract to biodiesel was enough sufficient to occure oxidative stabilization. Also Jatropha root residue addition at 400 ppm was effective antioxidant for fresh Jatropha oil.
INTRODUCTION
Diesel fuels play an important role in the industrial economy of a country. These fuels run a major part of the transport sector and their demand is increasing steadily, requiring an alternative fuel which is technically feasible, economically. Competitive, environmentally acceptable and readily available (Srivastava and Prasad, 2000) ; Vegetable oils are widely available from various sources and the glycerides present in the oils can be considered as a viable alternative for diesel fuel (Ali et al., 1995; Shay, 1993) .
Recently, new methods for determination of oxidative stability of vegetable oils at frying temperatures were proposed (Gertz and Kochhar, 2001) . Despite the large number of methods for determination of oxidative stability of edible oils, papers dealing with its determination at frying temperatures (commonly between 140 ºC and 180 ºC) are scarce. The reactions and mechanisms taking place in the degradation of vegetable oils are very dependant on the heating temperature. For instance, for temperatures up to 120 ºC, the main reactions are hydrolysis and oxidation induced by moisture and atmospheric oxygen, where for temperatures above 120 ºC polymerization reactions also become important (Gertz et al., 2000) . Another advantage of the determination of oxidative stability at frying temperatures would be a high analysis through put. As a rate of a reaction increases as the temperature increase, the induction time and, then, the analysis time decrease.
Antioxidant is a chemical that delays the start or slows the rate of lipid oxidation reaction. It inhibits the formation of free radical and hence contributes to the stabilization of the lipid sample (Ling, 2006) . Synthetic antioxidants such as butylated hydroxyl toluene (BHT), is effective in the protection of unsaturated fats and oils. However, the use of these synthetic antioxidants is discouraged because of their toxicity and carcinogenicity (Jeong et al., 2004; Shahidi, 1997) .
Natural antioxidants are constituents of many fruits and vegetables and they have attracted a great deal of public and scientific attention because of their anticarcinic potential. Biodiesel is an environment friendly liquid fuel similar to petrodiesel in combustion properties. As biodiesel chemically is an ester molecule there is every possibility that in the presence of air or oxygen it will be hydrolyzed to alcohol and acid. Presence of alcohol will lead to reduction in flash point and presence of acid will increase total acid number. All these make methyl ester relatively unstable on storage and cause damage to engine for biodiesel. Stability of biodiesel is inferior compared to petrodiesel and therefore doping of biodiesel in petrodiesel will affect the stability of fuel significantly (Dunn and Knoth, 2003) . The poor stability of biodiesel is due to the double bond in the fatty acids, which may lead to gum formation. Mc Cormick et al. (2006) , have shown that at very high levels of oxidation biodiesel blends can separate into two phases causing fuel pump and injector operational problems. Therefore, it was considered to include a limit for oxidation stability in the existing quality standard for biodiesel. During the oxidation process, the fatty acid methyl ester usually forms a radical next to the double bond. This radical quickly binds with the oxygen in the air, which is a biradical. This forms peroxide radical. The rapid radical destruction cycle begins after that. This peroxide radical immediately creates a new radical from the fatty acid methyl ester, which in turn binds with oxygen in the air. Then the destructive radical auto-oxidation cycle starts. During this process, up to 100 new radicals are created quickly from one single radical, meaning that decomposition occurs at an exponentially rapid rate and results in formation of a series of by-products (Hui, 1996) . Recently Mc Cormick et al. (2007) showed that dimerization of the peroxide species is not the only mechanism for molecular weight growth and deposit formation in biodiesel and identified a number of other mechanism by which biodiesel can degrade.
Vegetable oils contain natural antioxidants. The most common are tocopherols, which are hindered phenolic chain breaking antioxidants. Chain breaking antioxidants are highly reactive with free radicals and form stable compounds that do not contribute to the oxidation chain reaction. For example, soya oils were found to contain approximately 500 -3000 ppm of tocopherols (Tarandjiska et al., 1996) along with other antioxidants such as sterols and tocopherols and these are not affected by ester preparation process (Van Gerpen et al., 1997) . Biodiesel produced by distillation typically contains little or no natural antioxidant and is less stable than biodiesel that contains natural antioxidants. The stability of biodiesel can be improved by adding synthetic antioxidants (Waynick, 2005) . The two most common types of antioxidants are phenolictypes and amminic-types. As can be seen in Fig. 1 on mechanism of antioxidant action, the antioxidant contains a highly labile hydrogen that is more easily abstracted by a peroxy radical than fatty oil or ester hydrogen. The resulting antioxidant free radical is either stable or further reacts to form a stable molecule that does not contribute to the chain oxidation process. In this way chain breaking antioxidants interrupt the oxidation chain reaction. Jatropha curcas is a nut belonging to the Euphobiaceae family. It is cultivated in central and south America, south east Asia, Tndia and Africa (Gubitz et al., 1999) . Recently, Jatropha curcas tree has been successfully cultivated in Upper Egypt and its fruit gives non edible oil . Jatropha curcas grow well because of its low moisture demands, fertility requirements and tolerance to high temperatures (Kaushik et al., 2007) . All parts of Jatropha curcas plant have their own uses. Like many other Jatropha species, Jatropha curcas is a succulent tree that sheds its leaves during the dry season.
It is well adaptor to arid and semi-arid conditions and often used for erosion control. The leaves are used in traditional medicine against coughs or as antiseptics after birth, and the branches are chewing sticks (Gubitz et al., 1999) .The latex produced from the branches is useful for wounds healing and others medical uses. Each fruit contains 2-3 oblong black seeds which can produce oil. The seed kernel oil contained 40-60 % (w/ w) oil (Makkar et al., 1997) . The seed oil extracted is found useful in medicinal and veterinary purpose, as insecticide, for soap production and as fuel substitute (Gubitz et al., 1999) . The composition of Jatropha curcas oil from Egypt consists of main fatty acid such as Palmitic 18.22 %, stearic 5.14 %, Oleic 28.46 % and Linoleic 48.18 % ). This made oils suitable for biodiesel production. However, the chemical compositions of the oil vary according to the climent and locality (Salimon and Abdullah, 2008) .
Although Jatropha seeds is main feed stock available for biodiesesl production, but it has large fraction of unsaturated fatty acids. So this study is concentrated on oxidation stability of Jatropha oil and its corresponding biodiesel. Westbrook (2005) evaluated test methods to measure the oxidative stability of net biodiesel. Sarin et al. (2007) studied two approachs for improving oxidation stability of Jatropha biodiesel. First with doping of Jatropha methyl esters with stabilizer or antioxidants such as (2,6-ditertiarybutyl hydroxyl toluene), bis2,6-ditertialybutyl phenol derivative, mixed butylated phenol and aminic antioxidant octylated butylated diphenyl amine. Although, they found possible to meet the desired energy specification using antioxidants, but are costly chemicals. Therefore, another set of study was under taken to extract natural antioxidants from Egyptian Jatropha organs especially roots. It was decided to study the effect of dosage of natural antioxidants addition on oxidation stability of Jatropha oil and biodiesel compared to olive oil and used fried oil and there corresponding biodiesel. Quantified results from DPPH method in BHT equivalent was used to compare the oxidative stability of vegetable oils and biodiesel. 
MATERIALS AND METHODS
Vegetable oils including Jatropha curcas, olive oil and used fried oil were purchased locally. Antioxidants α-Tocopherol and butylated hydroxyl toluene (BHT) and Diphenyl picryl -hydrazyl (DPPH), isooctane were purchased from Sigma-Aldrich Company. Other chemicals, including potassium hydroxide, acetic acid and methanol were purchased locally. Natural antioxidant methanol are extract from Egyptian Jatropha roots. All other chemicals were pure grade and purchased locally.
Synthetic antioxidants such as butylated hydroxytoluene was tested at levels of 0.25 %, may possess somewhat differing solubilities and effectiveness. The effectiveness of an antioxidant can depend on a variety of factors, including the fatty acid profile of the oil or fat, the amount of naturally occurring antioxidants and storge or conditions (Knothe, 2007) . Natural antioxidants such as tocopherols and tocotrienols in vegetable oils is affected by the refining process (Wijtmans et al., 2004) . Antioxidants such as phenols and amines either have a hydrogen atom, phenols becom quinones or react with a radical in an addition fashion. Oxygen scavengers and ascorbic acid can regenerate spentantioxidant and singlet oxygen quenchers such as β-carotene can be as oxidation inhibitors.
Biodiesel preparation
A series of biodiesel samples have been prepared using alkali catalized method. Methanol (1:5 molar oil: alcohol) was mixed with KOH (1 wt %) added to the reactor containing oil slowly with stirring. The reaction mixture was refluxed for 2 h. After completion of the reaction, the reaction mixture was transferred to a separating funnel and both the phases were separated. Upper phase was biodiesel and lower part was glycerin. Alcohol from both the phases was distilled off under vacuum. The glycerin phase was neutralized with acid and stored as crude glycerin. Upper phase i.e. methyl ester (biobiesel) was washed with hot water twice to remove traces of glycerin, unreacted catalyst and soap formed during the transesterification. The residual product was kept under vacuum to get rid of residual moisture (Kumara et al., 2004; Sarin et al., 2007) .
Oil and biodiesel samples for thermally induced oxidation at 180 ºC and 60 ºC, respectively
Two g of olive oil, used fried oil and Jatropha oil and their corresponding prepared biodiesels were placed singly in a 10 mL caped test tube. 0.25 % α-tocopherol, 0.25 % BHT and 0.25 % Jatropha residue of root extract were added singly and respectively for each test tube and thermally oxidized at 180 ºC for oils and 60 ºC for biodiesel along 8 h, respectively. All samples were prepared in triplicate and analyzed using DPPH method. Antioxidants are generally used at levels of 100 -400 pm. They possess somewhat differing solubilities and effectiveness. Besides, systems with more than one antioxidant, results in primary and secondary antioxidants. DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule (Lui and Yao, 2007) The reduction capability of DPPH is determined by the decrease in its absorbance at 517 nm induced by antioxidants. Now, DPPH has been widely using in assessment of radical scavenging activity because of its ease and convenience.
DPPH measurement
The conventional DPPH method uses methanol as solvent dissolves biodiesel, but does not dissolve oils. Proper organic solvent for both DPPH and oil samples should be selected first. Lee et al. (2007) showed that isooctane could dissolve both DPPH and oil samples. Two milliliters of 0.01 mM DPPH in isooctane were mixed with two g oil sample in caped test tube and after 30 min standing in dark, the absorbance of the sample mixture was measured at 517 nm using spectrophotometer Model (HACH DR 2000) . Free radical scavenging activity from DPPH method was expressed in BHT equivalents and calculated as follows:
Where Ao = Initial absorbance (control); Ac = Value of added sample concentration; AI = Antioxidant activity index
Preparation of standard curves for the absorbance of DPPH against BHT concentration
BHT was dissolved once in methanol and another in isooctane to make (0, 0.5, 1.0, 2.0 and 3.0 mM) and 5 mL 0.1 mM DPPH in methanol (for biodiesel tests) or in isooctane (for oil tests) were added. The absorbance of DPPH was determined for 30 min for methanol and 96 h for oil.
RESULTS AND DISCUSSION

DPPH method for oil without antioxidant addition
Absorbance of DPPH from olive oil, Jatropha oil and used fried oil without antioxidant addition through thermal oxidation is shown in Fig. 2 . Absorbance of DPPH in 2 g oils (olive, jatropha, used fried oil) were 0.142, 0.267 and 0.163, respectively. The absorbance value of DPPH in isooctane without oils and without Fig. 2 . The absorbance chromatogram of DPPH for 2 h thermally oxidized olive oil showed slight increase compared to sample at 0 h. Thus, the absorbance changes of DPPH from olive oil sample were indication for free radicals generated from oxidized oil. Irrespective of Jatropha oil and used fried oil, both samples showed a chromatogram of steady state up to 4 h-thermally oxidation and a gradual increase in absorbance appeared. This is due to less generated free radicals reacting with DPPH and increase absorbance of DPPH.
DPPH method for biodiesel without antioxidant addition
Absorbance of DPPH from olive biodiesel, Jatropha biodiesel and used fried oil biodiesel without antioxidant addition through thermal oxidation is shown in Fig. 3 . Absorbance of DPPH for 2 g biobiesel (olive, Jatropha and use fried oil) were 2.38, 0.715 and 0.766, respectively. The absorbance value of DPPH in methanol without biodiesel and without addition of antioxidants was 2.305. This indicates that Jatropha biodiesel and used fried oil biodiesel have some compounds more than olive oil biodiesel affecting the stability of DPPH. Changes in DPPH absorbance through thermally oxidized biodiesel without antioxidant addition for 8 h are shown in Fig. 3 . The absorbance of DPPH at 2h-thermaly oxidized olive biodiesel showed slight increase than that sample at 0 h. The absorbance changes of DPPH of olive biobiesel samples were due to absence of free radicals generated from oxidized olive biodiesel indicating stability. Usedoil biodiesel samples showed slight increase in absorbance indicating less stability. Irrespective of Jatropha biodiesel showed a slight decrease up to 8h-thermally oxidation and slight gradual increase in absorbance appeared. This is due to the decrease in generated free radicals reacted with DPPH and decrease absorbance of FPPH.
DPPH method for oils with BHT addition
The presence of BHT 0.25 % concentration in olive oil decreased the absorbance of DPPH significantly. This oil containing free radical scavenging compounds such as BHT can decrease the absorbance of DPPH.
Changes of DPPH absorbance from thermally oxidized olive oil with BHT for 8 h are shown in Fig. 4 . The absorbance of DPPH from 0 to 6 h remained nearly constant. However, as oxidation time increased beyond 6 h, the increase of DPPH absorbance started and showed significant drop beyond 8 h oxidation. This is due to generated free radicals reacted with DPPH and decreased the absorbance of DPPH again. On the other hand, the Jatropha oil and used fried oil with BHT addition showed slight gradual increase in absorbance of DPPH as oxidation time increased showing a slight drop in absorbance after 6 h oxidation and increase in DPPH absorbance during 8 h oxidation. Depend upon BHT addition to oil, the oxidation period needed for pattern changes were different Fig.  4 . Oils with more free radical scavenging compounds need relatively long oxidation time to change.
DPPH method for biodiesel with BHT addition
Changes of DPPH absorbance for olive biodiesel, Jatropha biodiesel and used-oil biodiesel with BHT addition for studying thermal oxidation patterns is shown in Fig. 5 . The absorbance of DPPH from 0 h -8 h for thermally oxidized olive biodiesel showed gradual decrease due to the generation of free radicals indicating reaction with DPPH. The absorbance of DPPH from 0 h -8 h thermally oxidized used-oil bodiesel showed the same pattern of olive biodiesel. Irrespectively, Jatropha biodiesel absorbance of DPPH showed an increase from 0 h -4 h thermally oxidiation and a slight decrease of DPPH absorbance with a steady state till 8 h. This explains the changes in free radical generated from oxidation of Jatropha biodiesel. As oxidation time increased beyond 4 h, the increase in DPPH absorbance indicating less free radical scavenging compounds. A reverse pattern for Jatropha biodiesel was shown for 4 h -8 h indicating decreasing DPPH absorbance which was taken for predicting the oxidative stability of biodiesel.
DPPH method for oils with α-Tocopherol addition
The oxidation time for pattern changes is influenced by both initial concentration of lipid and free radicals. Olive oil, Jatropha oil and used fried oil with 0.25 % α-T addition and oxidation pattern changes shown in Fig. 6 .
Olive oil oxidation pattern showed slight change after 6 h thermal oxidation due to the high inherent antioxidants. Fried oil needed 4 h oxidation time for the pattern change of DPPH absorbance. Jatropha oil showed highest free radical formation rate beginning from 0 h and giving the lowest oxidative stability with 0.25 α-Tocopherol addition.
DPPH method for biodiesel with α-Tocopherol addition
Olive biodiesel, Jatropha biodiesel and used-oil biodiesel thermal oxidation patterns with α-Tocopherol addition and absorbance changes with DPPH is shown in Fig. 7 . Although the three biodiesel samples showed high stability with DPPH absorbance, but Jatropha oil-biodiesel showed slight increase in DPPH absorbance after 2 h and continued steady state pattern till 8 h oxidation . This phenomenon indicated that Jatropha biodiesel consumed α-Tocopherol in 2 h oxidation time confirming less oxidative stability. 
DPPH method for oils with Jatropha residue of root extract addition
The natural antioxidant activity of Jatropha residue root extract of concentration 0.25 % was carried out to determine the effect of its addition to oils and their corresponding biodiesel with DPPH pattern changes is shown in Fig. 8 .
Changes of DPPH absorbance for thermally oxidized olive oil with root extract residue slightly increased DPPH absorbance from 0 h to 2 h thermal oxidation and steady state pattern was shown till 4 h thermal oxidation and a continuous increase in DPPH absorbance was shown at 6 h and 8 h thermal oxidation Fig. 8 .
DPPH method for biodiesel with Jatropha residue of root extract addition
The effect of natural antioxidant activity of root residue addition to biodiesel on changes of DPPH absorbance pattern of thermally oxidation is shown in Fig. 9 .
The olive biodiesel showed change in DPPH absorbance pattern from 0 h to 2 h and a steady state in absorbance was shown on further thermal oxidation at 2 h to 6 h. First increase was due to the release of free radical from root residue and reaction with DPPH. The steady state indicated the consumption of free radical to the biodiesel. On further thermal oxidation, the pattern showed increase in DPPH absorbance i.e. free radical existed with no reaction with DPPH. Both usedoil biodiesel and jatropha biodiesel propagated the same pattern showing steady state from 0 h to 8 h thermal oxidation. This pattern indicated consumption of the antioxidant of Jatropha root residue addition. Thus, biodiesel needs more dose of residue root extract to achieve oxidative stability goal. The changes in DPPH pattern with addition of natural antioxidants confirm the protective effects which is attributed to high levels of phenolic compounds and collected results agreed with Ling et al. (2006) .
DPPH method for addition of Jatropha residue of root extract with different concentrations
Jatropha oil and Jatropha biodiesel were tested for their antioxidant activity during thermally oxidizing at 180 ºC and 60 ºC for 8 h, respectively. The addition of Jatropha residue root extract at different concentrations of 100, 220 and 400 mg/L were evaluated to act as antioxidant at optimum concentration needed for oil and /or biodiesel as shown in Figs. 10 and 11 . 3.9.1 DPPH method for addition of Jatropha residue root extract with fresh Jatropha oil:
Absorbance of DPPH in isooctane with addition of (100,220 and 400 mg /L) residue root extract to Jatropha oil is shown in Fig. 10 . Changes of DPPH absorbance from thermally oxidized Jatropha oil with addition of 100 mg/L residue (Jatropha root extract) at 0 h to 1.5 h significantly decreased during oxidation due to the free radicals generated from oxidized Jatropha oil and reacted with DPPH. As oxidation time increased beyond 1.5 h, the DPPH absorbance in Jatropha oil pattern started to increase depending on the concentration of residue of root extract in oil. Jatropha oil with 220 mg/ L residue of root extract showed a reverse pattern, as oxidation time increase at 0 h to 6 h a gradual increase in DPPH absorbance is shown. On further increase in oxidation time beyond 0 h to 8 h, a decrease in DPPH absorbance in Jatropha oil is evaluated indicating lack in antioxidants. The absorbance of DPPH in Jatropha oil with 400 mg/L residue of root extract addition significantly showed a steady state pattern indicating equivalent antioxidant dose to be used in Jatropha oil for oxidative stability needed. Results agreed with Lee et al. (2007) who stated that DPPH method is valid for the prediction of oxidative stability of fresh oil because highly oxidized oils can not be differentiated.
DPPH method for addition of Jatropha residue (root extract) with corresponding biodiesel
Absorbance of DPPH in methanol with addition of residue of (Jatropha root extract) in different concentrations (100, 220 and 400 mg/L) to Jatropha biodiesel is shown in Fig. 11 . For thermally oxidized Jatropha oil-biodiesel with addition of 100 mg/L residue (Jatropha root extract) at 0 h to 2 h a decrease in DPPH absorbance indicating biodiesel with little radical scavenging compounds. As oxidation time increased from 2 h to 8 h, a gradual increase in DPPH absorbance is shown indicating lack of oxidative stability. Changes of DPPH absorbance due to thermally oxidized Jatropha biodiesel with addition of 220 mg/L residue (Jatropha root extract) at 0h to 6h were insignificant showing a steady state pattern indicating stability of Jatropha oil-biodiesel. As oxidation time increased at 6 h to 8 h an increase in DPPH absorbance is shown indicating a reverse pattern. A steady state pattern is shown at 0 h to 8 h thermally oxidized Jatropha biodiesel with 400 mg/L addition of residue (Jatropha root extract). The pattern indicated the equivalent antioxidant dose to be used in Jatropha biodiesel for oxidative stability needed.
CONCLUSION
• Pattern changes of DPPH absorbance from a positive to negative slope indicates the concentration of hydrogen donating antioxidant compounds in oil / or biodiesel before thermal oxidation.
• The increase rate of DPPH absorbance is related to the amount of alkoxyl (RO) ,peroxyl (RO) and alkyl radical(R) generated from oxidized lipids.
• The oxidation time for pattern change indicates the period for complete consumption of inherent hydrogen donating antioxidant compounds by lipid free radicals. • Addition of synthetic antioxidants as (BHT) 0.25 % to (Olive, used fried and Jatropha) oils showed good oxidation stability up to 6 h. Although (α-T) addition of 0.25 % to tested oil but Jatropha oil showed less oxidative stability after 2 h thermal oxidation and olive oil showed more oxidative stability up to 6 h thermally oxidation. Irrespectively addition of residue (Jatropha root extract) in 0.25 % to oils showed poor pattern to thermal stability due to the use of crude extract.
• Addition of natural antioxidant compounds from natural sources tested with DPPH method succeeded to detect the optimum dose needed for oxidative stability for oils and thier corresponding biodiesel.
• Addition of synthetic antioxidant (BHT) at 0.25 % to biodiesel (olive, used fried and Jatropha) showed changing pattern indicating poor oxidative stability.
A reverse pattern was shown on (α-T) at 0.25 % addition with biobiesel indicating good oxidative stability upon thermally oxidation. The residue (Jatropha root extract 0.25 %) addition with biodiesel was effective with Jatropha biodiesel and used fried biodiesel. Irrespective to olive biodiesel which showed reverse pattern.
• Testing 100 mg/L, 220 mg/L and 400 mg/L residue (Jatropha root extract) with fresh Jatropha oil and /or biodiesel indicated the optimum oxidation stability needed from natural extract to be 400 mg/L. Obtained results show that residue addition of (Jatropha root extract) can be used as antioxidant to improve the oxidation stability of vegetable oils and biodiesel.
